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nated, so that the time is only given to the nearest minute : 
io 1 ' 52'" p. M., Pacific standard time. 

As the level observation had been partially made previous to 
the commencement of the movement, I was able to assure myself 
that no change had occurred in the position of the instrument. 

One hour and five minutes later came an actual shock, sensible 
to others in the Observatory as well as to myself, and which had 
the effect of disturbing the instrument in zenith distance by 3". 
The amount of change, however, has no relation to the intensity 
of the shock. The circle had been read in part after the obser- 
vation of a star, and by returning over the same microscopes the 
effect could be readily seen. 

This appeared to me as one single, sharp shock. The approxi- 
mate time was 1 i h 56'" 45 s , Pacific standard time, though no 
attempt was made to record this exactly. R. H. T. 

The Orbit of 70 Ophwchi. 

This interesting binary star has recently been thoroughly 
investigated by Dr. Schur, and his results have been given 
in a late number of the Astronomische Nachrichten, No. 3220. 
It is an interesting object historically, since it has been under 
observation since double stars were first measured, the list of 
observers including every name of note in this department of 
research. It also affords one of the best objects for the com- 
putation of an orbit, especially since the companion has already 
completed a revolution about the primary star since accurate 
measures were begun. 

It was one of the earliest stars measured by Sir William 
Herschel, 1779, when he had still in view the possible deter- 
mination of stellar parallax by means of such measures of double 
stars; that is, of stars optically double, lying close together in the 
line of sight, but without physical connection. 

The elder Struve began upon this star in 18 19 and continued 
to observe it till 1837. Sir John Herschel and South 
measured it during this period. Bessel, with the Konigsburg 
heliometer; Encke, Galle and others at Berlin, Madler at 
Dorpat, Kaiser at Leiden, and Otto Struve at Poulkova, 
are famous names. Coming down to later times, Baron Dem- 
bowski at Vienna, Father Secchi at Rome, and Winnecke at 
Berlin and Bonn, Engleman, Duner, Schiaparelli and 
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Schur are among later Continental observers. In England, 
Dawes, Doberck, Smythe, Gledhill, Wilson and Sea- 
broke; while in this country Professor Mitchell at Cincinnati 
was among the early contributors, followed by Bond, Winlock 
and Searle at Harvard College, Hall and Frisby at Wash- 
ington; and among later observers Burnham, Stone, Wilson 
and Comstock. 

The orbit of this binary has been several times computed, the 
period having ranged from 94 to 80 years. It was the subject of 
Dr. Schur' s thesis for his degree, as long ago as 1868. 

Since a complete revolution has been made the period is now 
known with great exactness, the definite result from Dr. Schur' s 
discussion being 88.4 years, the only point of general interest in 
the elements of the orbit. The latest measures included in this 
discussion are those made by himself, as yet unpublished, and 
the set observed at the Lick Observatory in July of last year, 
printed in No. 31 of these Publications. 

Upon all the observations available the orbit of the binary is 
based, and the original observations are then compared with an 
ephemeris computed from the elements of the orbit. When more 
than one series of measures has been made in a year by the same 
observer these are combined into a single result; and in this 
manner there are finally 333 yearly sets of measures to be com- 
pared with the ephemeris place. 

Among later observers, the difference between the computed 
and measured place will occasionally reach 3 in position angle 
and o"-5 in distance. An error of 3 in the position angle cor- 
responds to an error of 0". 1 in terms of the distance between 
the stars. Professor Hall gives for his probable error of a single 
measure at distance 3", in position angle ± o".o65 and in distance 
±o".o8. But in comparing the observations with the definite 
orbit, the systematic errors, which each observer will have un- 
doubtedly to some degree, will appear with full evidence. 
Struve and a few other observers of extensive experience have 
made determinations of their personal equation for the different 
classes of double stars. Schur has collected, in the discussion 
of 70 Ophiuchi, the results of each observer when four or more 
yearly sets had been made, and these illustrate well the existence 
of personal equation in the measurement of double stars, and the 
need of taking every precaution to as far as possible eliminate it 
from the results. A reversing prism is recommended as used by 
many thorough and practiced observers. 
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The residuals of the series made at Mount Hamilton from the 
computed place, were o".oo in distance and o°.54 in position 
angle. 

The question of a definite difference between the results given 
by heliometer and micrometer in the measurement of small 
distances as illustrated in the history of this star, remains still an 
open one. Bessel appeared to obtain constantly a larger 
distance with the heliometer, than Struve with the micrometer, 
at the same epoch. 

As to the future of this double star, the apparent distance will 
decrease after this year until, in 1902, it will be a minimum: i".6. 
And it will be below 2" until 1906. 

The measurement of the position angles and distances of three 
small stars in the neighborhood of 70 Ophiuchi affords a good 
illustration of the possibility of determining the proper motion of 
the principal star from such material. 

The only other measures of these stars that I know of were 
made by Professor Hall; the latest in 1886. Plotting the two 
sets of measures, the accordance between the direction and 
amount of proper motion, as given by this means, and by meridian 
circle observations of the principal star, is quite good. R. H. T. 

The Parallax of 70 Ophiuchi. 

The results of a new determination of the parallax of this star, 
by measuring its position with reference to two other stars at 
distance of 15' and 29' respectively, have been published by 
Dr. Schur in the Astronomische Nachrichten, No. 3231. 

Professor Krueger used the same stars at Bonn, 1858 to 
1862, and found for the parallax of 70 Ophiuchi ir = -f- o". 150. 
By his request Dr. Schur redetermined the value in 1891 and 
obtained -f- o".286. These are not in satisfactory agreement; 
but adopting a parallax of o". 2, with the major axis of the ellipse 
of the orbit of the companion of 70 Ophiuchi 4". 6, and the period 
88.4 years, the mass of the system would be 1.6 times the Sun's 
mass. The companion would be distant from the principal star 
23 times our distance from the Sun; 70 Ophiuchi would be 
1,000,000 times as far from the Earth as the Sun is, and its light 
would require 16 years to reach us. 

The stars used in the above discussion were not the ones 
measured by Professor Hall, and at the Lick Observatory; these 
last were very faint stars and much nearer 70 Ophiuchi, the- dis- 
tances ranging from 56" to 162", all being visible in the 5' field of 
the 36-inch telescope, power 350. R. H. T. 



